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INTRODUCTION
Genetic divergence, as one of the criteria of selection of parents is, in general, considered in plant breeding as a mean to generate crosses which segregate in later generations into genotypes transgressing the performance of the better parent (MURTY et al ., 1962 ; TIMOTHY, 1963) . However, transgression or F i heterosis does not always occur when divergent lines are crossed (CRESS, 1966; MATZINGER & WERNSMAN, 1967 ; BUSBICE & RAWLINGS, 1974) . Genetic background for transgression or heterosis has been studied for characters governed by a single gene with two or multiple alleles or two linked loci (FALCONER, 1964 ; CRESS, 1966 ; ARUNACHALAM, 1977) . It has been shown (ARUNACHALAM, 1977) that not only pure dominance and its interactions but additive x additive epistasis also can cause heterosis .
F t heterosis is of direct interest for developing hybrids in cross-pollinated crops, but it is also of importance in self-pollinated crops . Such heterotic crosses may produce desirable transgressive segregants in advanced generations . Thus when an initial choice of parents has to be made to obtain heterosis it is important to ascertain the level of parental divergence . It was shown earlier that very high or very low parental divergence failed to result in heterosis in triticale (SRIVASTAVA & ARUNACHALAM, 1977) .
In an earlier paper ARUNACHALAM et al . (1982) reported about the heterotic potential of single crosses in groundnut in two diallels, one with 15 parents (15-DL), selected essentially for productivity, and the other with 10 parents (10-DL), some of which V . ARUNACHALAM, A . BANDYOPADHYAY,S . N. NIGAM AND R . W . GIBBONS were resistant to some foliar diseases . Heterosis in the F, diallel crosses was evaluated for 15 characters in relation to the general combining ability (gca) of the parents .
Data from these experiments were used to study the levels of parental divergence .
MATERIALS AND METHODS
Information on the parents used in the two diallel crosses is given in Table 1 . Other details of the experiments were reported in ARUNACHALAM et al ., 1982 .
The following procedure was used to classify the parental genetic divergence in four divergene classes (DC 1, DC2, DC3 and DC4) .
1 . Based on the divergence between the parents, as measured by the D 2 statistic, the parents were grouped into distinct clusters ( For example, in 10-DL, 10 parents were grouped into 6 clusters of which 4 contained a single variety each (Table 1) . Obviously intra-cluster D-values for those 4 clusters did not exist . Thus there were 15 inter-cluster but only 2 intra-cluster D-values . Their mean, m, was equal to 12 .9, s = 3 .8, x = 4 .9, and y = 19 .6 .
The four intervals for the four divergence classes are then : DC 1 = 16 .70 to 19 .60 ; DC 2 = 12 .90 to 16 .69; DC 3 = 9 .10 to 12 .89 ; DC 4 = 4 .90 to 9 .09 . In the same manner, the intra-and inter-cluster D-values for 15-DL, which ranged from 4 .0 to 22 .4, with m = 13 .4 and s = 4 .5, were assigned to divergence classes . 4. For each of the 15 characters, the desirable direction for improvement was considered . The actual heterosis occurring in each F, was calculated as the percent improvement over the value of the better parent . This was done only if the F, exceeded the better parent in the desired direction significantly (at 5% level of significance), as determined by a t-test . For each heterotic cross the divergence class to which the intraor inter-cluster D-value of their parents belonged was established . For example, the F, from the cross Chalimbana x EC 76446 (292), which was heterotic for 2 characters was obtained from parents whose D-value belonged to DC I (see Table 2 ) . Thus the frequency with which heterotic crosses could be associated with divergence classes was determined . The mean heterosis value and the range of heterosis values of crosses associated with each divergence class were obtained (Table 3) .
The procedure, as detailed in ARUNACHALAM & BANDYOPADHYAY (1979) , was fol- Table 1 . Clusters, based on genetic divergence, of parents involved in two diallel crosses in groundnut .
* SB = Spanish Bunch ; VL = Valencia; VB = Virginia Bunch ; VR = Virginia Runner ** H = High ; L = Low lowed to determine the specific combining ability (sca) status over all 15 characters as high (H) or low (L) . The procedure consisted, in brief, of the following : i) As in the case of heterosis, the desirable direction of improvement of each character was considered in the case of sca also . Table 3 . Average heterosis in F l in relation to divergence between parents in groundnut . ii) The sca effects were tested whether they were significantly different from zero on either side by a two-tailed t-test at 5% level of significance . iii) k, the mean-value of all the significant sca effects, was calculated . iv) k was used as the norm . Significant sca effects whose values were greater than or equal to k, received a score + 1 ; those significant effects which were less than k received a score -1 ; all non-significant effects received a zero score . v) A final sca score was obtained for each cross by addition of the individual scores for each character. The mean across the crosses was calculated . A cross whose final score was greater than or equal to this mean was allotted a High (H) overall sca status and one whose final score was less than this mean, a Low (L) overall sca status . The crosses were grouped into the classes H or L based on their overall sca status . The frequency of crosses falling in each of these 2 sca classes was scored for each individual divergence class .
RESULTS
As reported earlier (ARUNACHALAM et al ., 1981) , 7 clusters were formed from the parents of 15-DL and 6 from those of 10-DL (Table 1) .
The mean and standard deviation of intra-and inter-cluster D-values were 13 .4 and 4 .5 respectively in 15-DL which were comparable to the corresponding values of 12 .9 and 3 .8 in 10-DL except that 10-DL had 17 D-values and 15-DL 25 .
The average heterosis for 15 characters in the 4 divergence classes is given in Table  3 . DC 3 showed significant heterosis for 14 and 10 characters and DC 2 for 11 and 12 characters in 15-DL and 10-DL, respectively . DC 1 showed heterosis for 5 and 7 characters and DC 4 for 10 and 6 characters in 15-DL and 10-DL, respectively . The frequency of heterotic crosses, the range of heterosis and the average heterosis were similarly high for individual characters in DC 3 and DC 2 (Table 3) .
Heterosis occurring in DC I (though in a low frequency) could be explained by the high parental divergence associated with that divergence class . Such explanation is impossible for the heterosis occurring in DC 4 which had the lowest parental divergence . It was then found necessary to relate heterosis in the various divergence classes with the sca status of the crosses . It was found (Table 4) that 45 and 48% of the total heterotic crosses had high overall sca status in 15-and 10-DL respectively . Of the 40 heterotic crosses with high and 49 with low overall sca in 15-DL, DC 3 accounted for 19 and 22 and DC 2 for 14 and 15 crosses respectively, followed only by DC 1 or DC 4 . Similar was the trend in 10-DL (Table 4 ) . The number of crosses made in each divergence class was different ; it was, however, much higher in DC 2 and DC 3 as compared to DC 1 or DC 4 (Table 4 ) . The high number of heterotic crosses found in DC 2 and DC 3 was thus based on large frequencies of crosses made in them . This lends further support to the general superiority of DC3 and DC2 mentioned earlier .
The occurrence of as high as 7 heterotic crosses in 15-DL in DC 4 with the lowest parental divergence and low sca may seem to be unusual . But 6 of them showed heterosis for only one character and I for two characters . Further, only 4 crosses showed more than 35% heterosis . They were NC Ac 2731 x M 13 (38% for PB, number of primary branches), NC Ac 2731 x MK 374 (62% for PY, pod yield), Pol . 2 x Argen- tine (42% for variance of distribution of seeds within pods) and Florunner x Argentine (76% for PB and 97% for PY) . In DC 4 of 10-DL, EC 76446 (292) x PI 259747 showed heterosis with low sca for SB, number of secondary branches (81 %) only and PI 298115 x Mani Pintar for PB (53%) and SB (46%) . Most of the 9 crosses in DC 4 which were heterotic with low sca, involved parents one of which had high and the other low gca status (which could have resulted in parental divergence), or a parent adapted to Indian environments for a long time and another from the exotic germplasm maintained at ICRISAT .
DISCUSSION
This study shows that there is an optimum level of genetic divergence between parents to obtain heterosis in the F 1 generation . The optimum level is provided by the divergence classes 2 and 3 . As such, it may not be logical to advocate the use of extremely divergent parents to obtain heterotic combinations . This study demonstrated a method of classifying parental divergence and selecting pairs of parents from intermediate classes to provide the greatest chance of obtaining heterotic F I 's .
The method gains support from a parallel study of a 10 x 10 diallel cross in triticale (SRIVASTAVA & ARUNACHALAM, 1977) where it was also shown that DC 1 and DC 4 contained a low frequency of heterotic crosses compared to DC 3 and DC 2 . However, in that study, the divergence classes were obtained by dividing the total range of intra-and inter-cluster D-values equally . We have now found that the standard deviation of the intra-and inter-cluster D-values can be used to take into account the variation among D-values . When studies on parental divergence and heterosis on different material or crops are to be compared, it is necessary to take into account the variation in the number and magnitude of intra-and inter-cluster D-values . The suggested modification provides a standardisation .
In this study, the occurrence of differential frequencies of heterotic crosses in various divergence classes was related to parental divergence and/or specific combining ability 
